Abstract. In this paper it is proven that if the group of covering translations of the covering space of a compact, connected, P 2 -irreducible 3-manifold corresponding to a non-trivial, nitely-generated subgroup of its fundamental group is in nite, then either the covering space is almost compact or the subgroup is innite cyclic and has normalizer a non-nitely-generated subgroup of the rational numbers. In the rst case additional information is obtained which is then used to relate Thurston's hyperbolization and virtual bundle conjectures to some algebraic conjectures about certain 3-manifold groups.
Introduction
A non-compact 3-manifold V is almost compact if it is homeomorphic to a compact 3-manifold W minus a closed subset of its boundary; if g : V ! W is the corresponding embedding, then the pair (W; g) is called a manifold compacti cation of V ; this term is also applied to W itself. Simon has conjectured 29] that if M is a compact, connected, P 2 -irreducible 3-manifold (possibly with non-empty boundary) and H is a nitely-generated subgroup of 1 M is non-compact, then M must either be a bundle over S 1 with ber a compact surface F, a union of two copies of a twisted I-bundle over a compact surface F along the associated @I-bundles, or a Seifert bered space. In the rst two cases H of the in nite cyclic group generated by a regular ber. It then follows easily that f M is almost compact.
In making his conjecture Simon expressed the hope \that the regularities inherent even in irregular covering spaces" would ensure that f M is almost compact. This paper considers one obvious sort of regularity which sometimes occurs, namely the condition that H has in nite index in its normalizer N(H) = fg 2 1 (2) H is in nite cyclic, N(H) is a non-nitely-generated subgroup of the additive group of rational numbers, and the group of covering translations is a nonnitely-generated in nite torsion group.
The proof of this theorem occupies sections 2 and 3. In section 2 it is shown that if the group of covering translations has an element of in nite order, then case (1) holds. In section 3 it is shown that if this group does not have an element of in nite order, then case (2) to a subgroup of 1 (T ). Then each non-trivial, nitely-generated subgroup of 1 (M) either has nite index in its normalizer or is an in nite cyclic subgroup of such an A.
As another application of this theorem we give a pair of conjectures about certain 3-manifold groups which, taken together, are equivalent to the hyperbolic case of the geometrization conjecture, taken together with the conjecture that closed hyperbolic 3-manifolds are nitely covered by surface bundles over S 1 . We also give an analogous conjecture which is equivalent to the bounded case of this \virtual bundle conjecture." This material is contained in section 4. If R is non-orientable, let k : R + ! R be the orientable double covering. Let H + = H \ k ( 1 (R + )). Then H + has index at most two in H and so is in nite cyclic. Thus 1 (R + ) has an in nite cyclic normal subgroup with quotient group ? + a subgroup of index at most two in ?. The previous argument shows that ? + has an element of in nite order, and we are done. 
